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Abstract An unexplained behavior of the butterfly Hypolimnas anomala has been observed occa- 
sionally in the subtropical Yaeyama Islands of southern Okinawa, where the female stays with her 
eggs on the leaf of the food plant after oviposition. On the island of Guam Nafus and Schreiner 
(1988) reported that some egg masses of this species develop normally without guarding by the fe- 
male. However, in the absence of such evidence in Japan it has been accepted that without guard- 
ing by the female the eggs cannot hatch or the first instar larvae cannot grow if they hatch. We ear- 
lier reported on a case where all eggs hatched normally and grew to adult butterflies without female 
presence in the field. Subsequent studies reported here confirm the finding that the protection of 
eggs by the female is not always necessary for the hatching of eggs or the growth of newly hatched 
larvae, leaving the female behavior unexplained. 
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Introduction 


Hypolimnas anomala (Wallace) is a nymphaline butterfly of the Old World tropics, known 
to straggle to northern Australia (Common, 1978) in the southern hemisphere and to the 
southern islands of Okinawa (Fukuda ef al., 1983: 306) in the northern hemisphere. 
Although it is considered to be a rare migrant to subtropical Japan, H. anomala (Fig. 1) has 
been recorded at least 60 times (41 females and 93 males) on the Yaeyama Islands of south- 
ern Okinawa between 1986 and 1994 and oviposition on food plants has been observed fre- 
quently (Shoji, 1995: 253-255). The female of this species is known to remain on the leaf 
of the food plant Pipturus arborescens (Urticaceae) after she has laid a cluster of eggs 
(Fukuda et al., 1983; Hama, 2001). Nafus and Schreiner (1988) and Schreiner and Nafus 
(1991) reported that the guarding of eggs significantly increased the hatching rate of H. 
anomala on Guam though it was normal for some egg masses to develop successfully with- 
out guarding. On the Yaeyama islands, however, it is generally considered that maternal 
care is necessary for the hatching of eggs and healthy growth of the newly hatched larvae 
(Shir6zu, 2006: 200-201). There is some evidence of parental care in this species for suc- 
cessful hatching of eggs either by maternal protection or stimulation. Hama (2001) found 
that when the female died after laying on the leaf of a potted food plant in his laboratory in 
Osaka, almost all the eggs failed to hatch and the few that hatched could not survive. We 
report on our case studies to throw light on the function of the female in staying with the 
eggs after oviposition. 


Materials and methods 


We observed the fate of three egg batches of H. anomala without attendant females, as well 
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as observing the post-laying behavior of females. In Case 1, we followed the development 
of eggs on a leaf without female presence in the fall of 1999. The leaf with the egg batch 
had been torn off in the wild on Ishigaki Island, and was brought back into the laboratory 
for rearing. In Case 2, we observed a female laying a cluster of eggs on Pipturus ar- 
borescens in the field on Ishigaki Island in the fall of 2001. As the female disappeared after 
Oviposition, we wrapped the leaf with eggs on it with thin cloth to prevent the attack of par- 
asites and predators. The sleeving was kept until the hatched larvae grew to pupate in the 
field. In Case 3, we removed the female protecting her eggs, and reared the eggs on the leaf 
without female presence in the laboratory in the Kabira District of Ishigaki Island. 


Results 


1. Hatching of eggs and growing of larvae without female presence 


Case 1: A cluster of eggs on the leaf of the food plant (P. arborescens) was collected on 
Ishigaki Island on September 17, 1999. In rearing the eggs in the laboratory we divided the 
cluster into two batches. One batch (about 150, Ishigaki group) was reared on Ishigaki 
Island and the other (about 50, Takasago group) was taken to Takasago City of Hyogo 
Prefecture. The Ishigaki group hatched and, although some cannibalism occurred, most lar- 
vae grew to adult butterflies by October 20. In the Takasago group a few eggs hatched but 
all larvae died without feeding. The temperature in the laboratory at Takasago City had 
been kept at 20°C or slightly higher during the observation. 


Case 2: (A case previously reported in part (Shimazaki and Kaneko, 2002)). We found a fe- 
male starting to lay her eggs on the underside of a leaf of P. arborescens (Fig. 2) in the 
Kabira District of Ishigaki Island on November 13, 2001. She laid about 200 eggs taking 
approximately three hours and took up the well-known brooding position to stay on the 
leaf. In the middle of November, the field in the Kabira District was exposed to stormy 
conditions with winds and rain, in which the daily minimum temperatures ranged from 
17.8°C to 20°C. The female kept her position over the eggs (Fig. 3), enduring gale-force 
winds till November 15. On the next day, however, we could not find the female, either on 
the leaf or nearby, and she never returned. We took the opportunity to protect the eggs by 
covering the leaf with a sleeve made of thin cloth, and followed the fate of the larvae with- 
out female presence in the field. 


All eggs hatched normally on November 23 (11 days after egg-laying), and the newly 
hatched larvae began to feed on the leaf. On November 27, after 2 days of rest, all larvae 
shed their skin to become the second instar. The number of larvae had decreased to about 
150 due to cannibalism. The daily minimum temperatures ranged from 18.5°C to 22.8°C 
during these 5 days. They molted to the third instar on December 1, after 1 day’s rest (2nd 
instar period: 4 days), and to the fourth instar on December 6 (3rd instar period: 5 days). 
They finally molted to the fully-grown fifth instar on December 12 (4th instar period: 6 
days, Fig. 4). At this stage we separated them into three batches with enough fresh leaves 
to complete development and each batch was newly sleeved (Fig. 5). The field tempera- 
tures decreased to 15.4°C and 15.8°C on December 14 and 15, respectively. Despite the 
lowered temperature, all larvae continued to feed and about 80% of them showed signs of 
settling down to pupate on December 17. They all pupated on the following day. On 
December 20, 80 pupae were observed either on the underside of leaves or on twigs (Fig. 
6). Thereafter, cooler days ensued with daily minimum temperatures ranging from 11.9°C 
to 14.0°C. However, adult butterflies emerged from 80% of the pupae on January 4, 18 
days after pupation and 53 days after oviposition. 
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Fig. 1. Hypolimnas anomala: (a) male, (b) female. 

Fig. 2. A female H. anomala laying eggs on the underside of a Pipturus arborescens leaf. 
Fig. 3. A female shielding eggs from strong winds. 

Fig. 4. Fourth instar larvae. 

Fig. 5. Sleeves used to protect eggs in the field. 

Fig. 6. Pupae on twigs of the food plant. 

Fig. 7. An ant attacking eggs brooded by the butterfly. 


Case 3: (repeat observations of Case 1 and Case 2). On October 9, 2006, we repeated the 
Case 1 study in the Sokobaru District on Ishigaki Island. We removed about half the num- 
ber of eggs immediately after laying, and reared them in the laboratory without female pres- 
ence. They hatched on October 13 and the larvae showed signs of settling down to pupate 
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on October 28. Adult butterflies emerged on November 15 from all pupae. Repeat observa- 
tions of Case 2 were made on Ishigaki Island from June to July in 2005 and again from 
October to November in 2006, when the female disappeared from the leaf. However, the 
eggs hatched normally and the larvae grew to adult butterflies completely without any pro- 
tection by the female. 


2. Behavior of the female to protect her eggs 


On November 18, 1999, we investigated the possibility that the female would return to her 
egg batch and take up the original position to brood her eggs again if she was forced to fly 
away. We removed a female from her eggs by forcing her to fly away out of our sight in the 
Komi District of Iriomote Island, southern Okinawa. When we returned 1.5 hours later, we 
could confirm that the female had returned and continued to brood her eggs on the original 
leaf. 


During our field observation we recorded the guarding behavior of the female on video, the 
resulting sequences suggesting that the female actively attempted to protect the eggs from 
parasitic flies and wasps. The female covered the eggs with her wings and flapped them to 
turn the parasite away. In spite of her threatening flapping behavior, all eggs were taken 
away by predatory ants on one occasion (Fig. 7). We found that about 50% of fully-grown 
larvae had been attacked by the parasitic fly Compsilura concinnata in the field on Ishigaki 
Island. Although it is uncertain which stage was attacked, the fact that the eggs were para- 
sitised implies that gurading by the female was not very effective. 


Discussion 


Daternal care occurs rarely among insects, but is found in several Orders; e. g. the bug 
Elasmucha signoreti (Kudo and Nakahira, 1993), the leaf beetle Gonioctena japonica 
(Kubo and Ishibashi, 1995) and the sawfly Cephalcia isshikii (Kudo et al., 1992). Among 
the butterflies the female Hypolimnas antilope (possibly H. anomala) of Leyte Island (the 
Philippines) has been observed to brood the eggs on the food plant Pouzolzia sp. 
(Urticaceae) without being able to prevent attacks by ants and hymenopteran parasites 
(Anon., 1979). The brooding behavior of H. anomala on the food plant Pipturus argenteus 
has been studied extensively on Guam (Nafus and Schreiner, 1988; Schreiner and Nafus, 
1991). They followed the development of 282 egg masses, a half of them guarded by fe- 
males and the rest unguarded, over a period of 19 months. They found that the guarding of 
eggs significantly increased the percentage of eggs hatching from 47% to 66% and that pre- 
dation by ants and other insects was greatly decreased when the eggs were guarded. We 
made a field survey of females of H. anomala remaining on the leaf of the food plant (P. ar- 
borescens) after oviposition till death in the Yaeyama Islands. We had several opportunities 
to observe cases where a female disappeared from the leaf after laying. The fate of the eggs 
without female presence was followed in the winter of 2001 to 2002 and again in the sum- 
mer to fall of 2005 and 2006. In all cases the eggs hatched normally without female pres- 
ence and grew to adult butterflies successfully in the field even during the winter. Females 
always remained on the leaf until the larvae shed their skin to become the second instar and 
this period was longer than that reported by Nafus and Schreiner (1988). 


Nafus and Schreiner (1988) observed that the female did not fly away in response to distur- 
bance but that she did not return to the leaf if she left the leaf at any time during the brood- 
ing period. In our observation the female could be forced to fly away but she returned to 
brood her eggs again when safe. 


We cannot explain why we could not rear eggs collected on Ishigaki Island and taken to 
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Takasago City (Case 1). As the rearing temperature at Takasago was kept at or above 20°C 
during the observation, which should have been high enough for normal development, there 
may have been other factors influencing the development. Ishigaki (2004) reported on suc- 
cessful rearing of eggs taken away from the attendant female on Ishigaki Island. The larvae 
were reared on the food plant Boehmeria niphonivera (Urticaceae) at Taichi-cho in 
Wakayama Prefecture. This seems to be the only successful case of rearing this species 
away from the Yaeyama Islands in southern Okinawa. 


In conclusion, we suggest that the presence of the female on the food plant after laying her 
eggs is not always necessary or essential for the hatching of the rested eggs or normal 
growth of the larvae. Thus the behavior of the female in staying with her eggs, suggesting 
maternal care, remains a mystery and requires further study. 
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摘 要 


ヤエヤマ ムラ サキ の 母 問 に よる 保護 は 卵 か ら の 正常 生育 に 必須 で は な い (島崎 正美 ・ 入 野 裕 
史 ・ 金 子 E 


石垣 島 や 西表 島 な どの 八重 山 諸島 で は , 偶発 的 に 発生 する ヤエヤマ ムラ サキ (Aypolimnas anomala) の 
EEWE DS, 産卵 後 の 映 化 か ら 幼虫 が 2 令 に 成長 する まで ずっ と 葉 裏 に と ど ま っ て その まま の 姿勢 で 死ぬ 
こと が 多い と いう 特異 な 習性 を 示す こと は 広く 知ら れ て いて , 日 本 で は その 母 蝶 が いな けれ ば 全く 路 
化し な いと か , 例え 剛 化 し て も その 後 幼虫 が 順調 に 成育 で き な い と 信じ られ て いた . この 蝶 の 上 記 習 性 
に 関し て は , Nafus と Schreiner (1988) が , グアム 島 に お いて 本 邦 と 同一 で は な い 錠 植物 で 発生 し て いる 
ヤエヤマ ムラ サキ に 関す る 生態 研究 結果 を 報告 し て いる が , 本 邦 に お ける 母 蝶 に 関す る 報告 例 は きわ 
め て 少な い . 筆者 ら は 2001 年 か ら 2002 年 に か け て 印 保 護 状 態 に あっ た 母 江 が いな く な っ た あと も 正常 
に 蝶 に まで 生育 で きた 野外 観察 結果 を 報告 し た ( 蝶 研 フィ ー ル ド , 2002) が , Nafus と Schreiner に よる 報 
告 と は いく ら か 異な る 知見 を 含む 複数 の 野外 観察 事例 を 追加 し て , HED l Ro TON bt 
まで 正常 に 育つ こと は 稀 で は な く 母 蝶 の 保護 が 必須 で は な いと の 結論 を 得 た . ただし, 本 報告 中 で も 述 
べた よう に 実際 に 母 蝶 の 保護 が な いと 正常 に 成育 で き な か っ た 例 も あり , 母 蝶 が 産卵 後に 葉 裏 に と 
どまり 続け る こと の 真 の 理由 解明 に は さら な る 調査 ・ 研 究 が 必要 で ある . 
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